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Guidelines Devise 
Corrosion Protection 
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Ferrous Pipelines Studied 


@ Externally applied currents have long been 
used to protect ferrous pipelines from underground 
corrosion. The amounts of protective current required, 
however, vary considerably from one installation to 
another. Ideally, these amounts would equal the cor- 
rosion currents measured on underground pipelines, 
but in practice this is not the case. 

The NBS Institute for Materials Research therefore 
undertook a study to devise engineering guidelines for 
estimating total protective current requirements.1 In 
this work, W. J. Schwerdtfeger of the Institute’s corro- 
sion laboratory analyzed corrosion data obtained on 
4500 ferrous specimens that had been installed at 86 
different soil test sites for periods up to 17 years.2. The 
analysis did not reveal a precise relation between the 
varying resistivities of the soils and the corrosion cur- 
rents found for the specimens, but a general relation 
was observed. 

Recent experimental findings on applied currents 
required to protect steel specimens in underground en- 
vironments * were then applied to the results of the 
analysis. As a consequence, it was possible to esti- 
mate protective factors for three ranges of soil resis- 
tivity: (1) 50 to 5000 Qcm; (2) 5000.te 10,000 Ocm; 
and (3) over 10,000 Qcm. The current required for 
protection may be obtained by multiplying the meas- 
ured corrosion currents (after a two-year pipeline 


Above: Specimens upon removal from the Loch Raven, Md., 
site after installation for periods up to 14 years. 
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Extrapolated NBS data on maximum corrosion pit depths that 
would occur in ferrous specimens during a 30-year exposure 
period in soils of varying resistivities. These data indicate that 
a standard length of 8 in. diameter pipe having a wall thickness 
of 0.322 in. would probably perforate in most soils having re- 
sistivities below 1000 Qcm on exposures of 30 years. In soils 
having resistivities above 2000 Qcm, however, the data show 
that perforations are less likely to occur. 
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Four test sites illustrative of the varying environments in which 
ferrous specimens were installed for periods up to I7 years. 
Upper, left to right, Lake Charles clay at El Vista, Texas; 
Merced Silt loam at Buttonwillow, Calif. Lower, left to right, 
tidal marsh at Charleston, S.C.; Hagerstown loam at Loch 
Raven, Md. 


stabilization period) by a factor of 1.5 in the first 
range; by a factor of 2.0 in the second range; and by a 
factor of 3.0 in the third range. 

During the course of the present study, the maximum 
corrosion pit depths found on the 4500 specimens were 
converted to the maximum depths that would be ex- 
pected to occur on a standard length of bare 8 in.- 
diameter wrought ferrous pipe under the same en- 
vironmental conditions. From these data, it can be 
predicted that similar pipe having a wall thickness of 
0.322 in. will perforate in most soils having resistivities 
below 500 Qcm on 15 years of exposure. In the majority 
of soils with resistivities up to 1000 Qcm, many perfora- 
tions would occur on 30 years of exposure. The data 
also show that in most soils with resistivities over 2000 
Qcm, perforations are less likely to occur during 30 
years of exposure; however where hazards or difficult 
maintenance problems are involved, protective meas- 
ures such as coatings, protective currents, or both are 
recommended. 


For further details, see Soil resistivity as related 
to underground corrosion and cathodic protection, by 
W. J. Schwerdtfeger, J. Research NBS 69C (Engr. and 
Instr.), 71 (1965). 

? Underground corrosion, by Melvin Romanoff, NBS 
Circular 579; also, NBS Tech. News Bull. 42, 181 
(1958). 

*A study by polarization techniques of the corrosion 
rates of aluminum and steel underground for 16 months, 
by W. J. Schwerdtfeger, J. Research NBS 65C, 271 
(1961), and Corrosion rates measured electrically in an 
underground environment, NBS Tech. News Bull. 46, 
25 (1962); Current and potential relations for the cath- 
odic protection of steel in a high resistivity environ- 
ment, J. Research NBS 63C, 37 (1959), and Cathodic 
protection of steel in a_high-resistivity environment, 
NBS Tech. News Bull. 44, 56 (1960). 


CRPL transferred to ESSA 


H On October 11, 1965, the Bureau’s 
Central Radio Propagation Laboratory was trans- 
ferred to the Environmental Science Services Ad- 
ministration and renamed the Institute for Tele- 
communication Sciences and Aeronomy. This 


is the final step of President Johnson’s Reorgani- 
zation Plan No. 2 of 1965 in which he proposed 
the consolidation of the Coast and Geodetic Sur- 
vey, the Weather Bureau, and the Central Radio 
Propagation Laboratory to form the Environ- 
mental Science Services Administration in the 


U.S. Department of Commerce. In the words of 
the President, ESSA would provide “a single na- 
tional focus to describe, understand, and predict 
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the state of the oceans, the state of the upper and 
lower atmosphere, and the size and shape of the 
earth.” 

Dr. C. Gordon Little, formerly CRPL Director, 
who will continue as Director of the new Institute, 
presided over official ceremonies at Boulder on 
October 13, 1965, in connection with the transfer. 
Speakers on the program included Dr. J. Herbert 
Hollomon, Assistant Secretary of Commerce for 
Science and Technology, Dr. Allen V. Astin, Di- 
rector of NBS, Dr. Robert M. White, Admin- 
istrator of ESSA, and Dr. Lloyd V. Berkner, Di- 
rector of the Southwest Center for Advanced 
Studies. 


NBS Technical News Bulletin 


IMPROVED OMNITAB 


gains wide acceptance 


@ Expansion and improvement of the OMNI- 
TAB general purpose computer program, which now 
includes almost 100 subroutines, has made it an even 
more useful scientific tool than when first announced 
in 1963.1 New features, developed by Joseph Hilsen- 
rath and his associates of the NBS Institute for Basic 
Standards, make it possible to write shorter programs, 
to incorporate text material along with tabular results 
in such a way as to produce a finished report, and to 
utilize any of the fundamental physical constants or 
atomic masses in a calculation by use of the appropriate 
OMNITAB word in the program.’ 

OMNITAB is an NBS-developed computer program 
that permits scientists and others who are unfamiliar 
with programming to communicate with a 7094 com- 
puter using simply written sentence commands. The 
program can be used for the calculation of tables of 
functions, for solutions of nonlinear equations, for 
curve fitting, and for statistical and numerical analysis 
of tabular data. Because of the ease with which certain 
experimental data may be directly adapted to the 
OMNITAB input for processing, the OMNITAB pro- 
gram is gaining wide acceptance in both university and 
governmental laboratories. 

Some of the new commands which have been added 
to the program and which make it possible to write even 
more concise programs than before are: MOLWT, 
which computes the molecular weight of any molecule 
from the empirical formula; CTOF, which converts a 
column of temperatures from degrees Celsius to degrees 
Fahrenheit; and FTOC, which converts Fahrenheit to 
Celsius. Other single-sentence operators compute the 
translational partition function for a given atomic 
weight and list of temperatures, and the electronic par- 
tition function at a given temperature for a set of 
energy levels or for a set of temperatures at a fixed 
energy level. 

For convenience, the current best values for the 
fundamental physical constants and atomic masses of 
the elements have been incorporated in the program so 
that by use of the appropriate OMNITAB word, the 
proper number will be used. A typical one-sentence 
command employing this feature would be: 


MULTIPLY COLUMN 2 BY *PLANCK* STORE IN 
COLUMN 4 


Thus all users obtain the current accepted values for the 
constants. More accurate values can be substituted in 
the program as they become available. 

New commands which permit format flexibility now 
make it possible to produce a finished report on 
OMNITAB. Text material may be incorporated inter- 
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changeably with computed results; the command NOTE 
and certain synonyms enable the program to differenti- 
ate between OMNITAB instructions and bibliographic 
or editorial comment. 

The inclusion of a complete set of instructions for 
matrix operations has greatly expanded the range of 
problems which OMNITAB handles. Furthermore, 
these instructions contribute brevity by providing, in 
addition to compact matrix operators such as INVERT, 
others which can operate on entire rectangular arrays 
of numbers at a time. For example, the following in- 
structions are all that are needed to evaluate the 22 
expressions in table 1. 


ARAISE (B) IN ROW 1 COL 21, R=101, C=10 TO A IN 1, 
1 START STORING IN 1], 21 


PRODUCTS OF COLS 20 THROUGH 30, STORE IN COL 20 


COALSCE ON THE FIRST COL, THE MATRIX IN 1, 19, 
R=101, C=2, STORE IN 1, 32 


In this example matrix (A), 10101, contains the 
exponents of the ten variables (a, b,..... j) for 
each term of each expression. Missing variables of 
course have zero exponents so that the row in (A) 
representing the term (—4)ad from expression 5 is 
written 1,0,0,1,0,0,0,0,0,0. 

Matrix (B), 10101 is formed by duplicating a 
row of numerical values fora, b, ..... j 100 times. 
The ARAISE instruction raises every element in (B) 
to the power of the corresponding element in (A) ; 
results are stored over “old” (B). Next, the product is 
taken of eleven columns (column 20 contains the co- 


TABLE 1 


2a+a’ 

2b-+-b? 

. 2b-+a’+ 2b’—2ab 

2c+.5a°+ 1.5c?—ac 

—2a+ 4d-+a°+4d’—4ad 

. —a+2e+ f+.5a°+2e?+ .5f—2ae 

. 2c+2b?+ 3c?—4be 

. 2d-+-b’ + 2d’—2bd 

—2b+ 4e+2b?+ 4e?-+ f?—4be—2bf 
10. —b-+4+2¢--h-++b?42¢?+h?—2hg—bh 
ll. —2b-+-4i+-b?-++-4i?—4bi 

12. 2e+1.5c?+ 2e?+ .5f?—2ce—cf 

13. —2c+4¢+3c?+ 4¢°+2h’—4cg—4ch 
14, —2c-+1.5c? 

15. 2f+-4d?+ 4e?+ f?—8de 

16. 2h4+2d’?+2¢°+h’—4dg 

17. —4d-+6j+-4d?-+-9j?—12dj 

18. —2d-+-2d? 

19, 264-8 

20. 4e—2f-+-4e?+ f?’—4ef 

21. 2h+4e?+f?+ 49? 2h’+ 8eg—2fh 
22. —f£+2e°+.5f? 


SONA Ne 


(Continued on p. 191) 
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Alpha Particle Backscattering 


HA measurement of the energy and angular 
distribution of alpha particles backscattered from 
metallic source mounts has been made * by D. H. Walker 
of the NBS Institute for Basic Standards. This meas- 
urement has led to a method of determining the true 
disintegration rate of alpha-particle sources in a way 
which is free from large errors due to backscattered 
radiation. The work was carried out as part of the 
NBS program of absolute standardization of radioactive 
materials, and was performed, in part, to fulfill the con- 
stant need for reducing the sources of error associated 
with the calibration of radioactive nuclides. 

In the method of calibration presently used at NBS, 
alpha-particle counting involves: (a) deposition of an 
alpha-particle source on a suitable backing and (b) 
counting of the radiation emitted into a 27 (hemispher- 
ical) geometry by means of a proportional counter.” 
Backscattering occurs when alpha particles which are 
emitted into the backing are scattered back into the 
proportional counter because of interaction with the 
backing material. The major source of error in the 
present method of calibrating solid point sources arises 
from the uncertainty in the number of backscattered 
alpha particles. 


SLIDING. PULSER : 
SERIAL NO: 620 cen pats 
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The classical theory predicts a dependence of alpha- 
particle backscattering on atomic number and since the 
NBS sources are deposited on two very different back- 
ing materials, it was necessary to examine the back- 
scattering from both backings. 

For the measurement a counting chamber was con- 
structed which had a rotatable source holder and a care- 
fully placed stationary 5X5 mm semiconducting alpha- 
particle detector. A collimator in the form of a 0.040- 
in. hole drilled in a 0.006-in. sheet of aluminum was 
used to give precise angular definition to the detected 
alpha particles. Counting rates were measured as a 
function of angle from grazing incidence to grazing 
incidence in steps of 1° for alpha particles from polo- 
nium-210 deposited on highly polished surfaces of monel 
metal (Z=29) and platinum (Z=78). 

The total backscattering thus found was 2.1 percent 
for monel, and 3.1 percent for platinum. The intensity 
of the backscattering alpha particles was found to be 
large at grazing angles and small elsewhere as shown in 
the graph on the left. This information indicated that 
an alpha-particle counter with an acceptance angle of 
150° or less whose geometry is accurately known can be 


(Continued on bottom of next page) 


Left: D. H. Walker places the mounted source in the source 
holder of the backscattering chamber. Below: Backscattering 
chamber used to determine the angular and energy distribution 
of backscattered alpha particles. The source can be rotated 
with respect to the detector, thus allowing a determination of 
the counting rate as a function of angle. 
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NBS Technical News Bulletin 


@ Secretary of Commerce John T. Connor 
recently announced the Bureau’s appointment of 
Norman J. Ream of California as Director of a 
newly-established Center for Computer Sciences and 
Technology in the Bureau. 

Mr. Ream has been Director of Systems Planning for 
Lockheed Aircraft Corporation, Burbank, California, 
since 1953. 

The NBS center will aid Government agencies in 
achieving greater value for the public’s dollar in the 
selection, acquisition, and utilization of automatic data 
processing equipment. It will also: 

1. Provide advisory and consulting services to Govern- 
ment branches in developing computer systems. 


Counting rate of a polonium-210 alpha-particle source as a func- 
tion of angle. Extra counts are only present at angles less than 
15° from the source backing. The dotted line represents the 
isotropic alpha-particle distribution to be expected for the con- 
dition of no backscattering. 


used to obtain accurate and direct calibrations of alpha- 
particle sources without the need of correcting for 
counts due to backscattering. Such a detector is pres- 
ently being constructed and will be in operation in the 
near future. 


‘For further technical details, see An experimental 
study of the backscattering of 5.3-MeV alpha particles 
from platinum and monel metal, by D. H. Walker, Int. 
J. Appl. Rad. Isotopes, 16, 183 (1965). 

? Ideally, mounting the source on an extremely thin 
film of low atomic weight and counting in a 4m (spheri- 
cal) geometry is preferable, but experience has shown 
that thin backings often yield unstable sources. 
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Ream heads 


new Center for 
Computer Sciences 
and Technology 


2. Conduct research on computer sciences and infor- 
mation systems design. 

3. Guide an executive branch program to develop, 
measure, and test voluntary computer standards. 

4. Recommend uniform standards for automatic data 
processing equipment, techniques, and languages 
for equipment and services procured by the Fed- 
eral Government. 

The new center will combine the Information Tech- 
nology Division of the NBS Institute for Applied Tech- 
nology with the computation section of the Applied 
Mathematics Division of the NBS Institute for Basic 
Standards. 

Mr. Ream began his new duties October 1. Before 
joining Lockheed, he was Assistant to the Treasurer of 
Lever Brothers Co. from 1950 to 1953 and Director of 
Accounting Research for International Business 
Machines from 1947 to 1950. 

S. N. Alexander, former Chief of the NBS Informa- 
tion Technology Division, has been named Technical 
Director and deputy head of the new Computer Science 
and Technology Center, to be located at NBS’s Institute 
for Applied Technology. 


3 
80xI0 


60 


40 


COUNTS 


20 


181 


Transducer Allows Accurate Measurement 
of Corrosive Gas Pressures 


INLET FOR GAS 
AT CONTROLLED 
PRESSURE 


CAPACITOR 
LEAD 


FIXED 
CAPACITOR 
PLATE 


INSULATION 


DIAPHRAGM Me 


(MOVEABLE 
CAPACITOR 
PLATE) 


INLET FOR GAS 


“——— AT UNKNOWN 
PRESSURE 


Null-type pressure transducer consists essentially of two half- 
housings, to one of which (bottom) a 0.001-inch-thick diaphragm 
is clamped by a ring (right) encircling an insulated capacitor 
plate (with stem). 
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Diaphragm of a pressure transducer separates two pressure sys- 
tems, one connected to the sample and the other to a laboratory- 
controlled pressure system. 


B® A pressure transducer developed at the NBS 
Institute for Basic Standards enables the scientist to 
measure accurately the pressure of corrosive gases over 
wide temperature and pressure ranges.1_ The device 
was designed by Meyer Waxman and William Chen, 
of the Institute’s staff, in research supported in part 
by the Atomic Energy Commission. 

The instrument is essentially a means of comparing 
an unknown pressure with a known pressure. It uses 
a null indication to determine when the pressures in 
two separate systems are the same; associated errors in 
sample volume are virtually eliminated through the use 
of this instrument. The null is identified by a simple 
capacitive system which contributes negligible error. 

The transducer was developed for a Bureau study of 
the compressibility of corrosive gases. This study re- 
quired measurements of pressures as high as 250 at- 
mospheres at temperatures from 0 to 175 °C. Trans- 
ducers in which a diaphragm separates the sample gas 
from an auxiliary pressure system appeared most prom- 
ising; such transducers have been developed at the 
Bureau in the past.? In application with the sample 
volume connected to a chamber on one side of the 
transducer, the auxiliary gas pressure is adjusted to 
return the diaphragm to its null position. The sample 
pressure is then found by measuring the controlled 
pressure. 

The pressure, temperature, and corrosion-resistance 
requirements of the compressibility application far ex- 
ceeded the capabilities of existing diaphragm-type 
transducers. Transducers of sufficient sensitivity were 
not satisfactory because the diaphragm when subjected 
to a large pressure imbalance was distended beyond 
its limit of elasticity and failed to return to null posi- 
tion. Messrs. Waxman and Chen overcame this dif- 
ficulty by stretching the diaphragm tight, like a drum- 
head, and by limiting its movements in either direction 
by use of backing plates shaped to support the dia- 
phragm. This design confines diaphragm movements 
within elastic limits and isolates the sample gas from 
laboratory equipment; it also insures that the sample 
volume will be essentially constant. 


(Continued on bottom of next page) 
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NSRDS adds Radiation Chemistry Data Center 


H As part of the National Standard Reference 
Data System (NSRDS), a radiation chemistry data 
center has been set up at the University of Notre Dame, 
Notre Dame, Ind. Jointly sponsored by NBS and the 
Atomic Energy Commission, the new facility will com- 
pile and evaluate data on chemical reactions brought 
about by ionizing radiations—for example, alpha, beta, 
and gamma radiations. In addition, the facility will 
serve as an international focal point for the collection, 
storage, evaluation, and dissemination of radiation 
chemistry data. All information will be evaluated by 
scientists now working in the field of radiation chem- 
istry throughout the world. 
The center is under the direction of Prof. Milton 
Burton, director of the University’s radiation labora- 


William T. Chen varies the pressure of argon gas applied to a 
transducer for measuring the pressure of corrosive gases. The 
transducer is contained inside the upright isothermal container 


at right. The pressure of the argon will equal the sample 
pressure at the null point, which is indicated by the capacity 
bridge on the rack in the corner. Applied pressures of 4 to 
250 atmospheres are measured by the piston gage, in front of 
the rack. 
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tory, and it is located in the radiation research building 
built on the campus by the Atomic Energy Commission 
in 1963. Initial efforts will be concerned with the 
compilation, critical evaluation, and interpretation of 
available data relating to reactions induced by ionizing 
radiation. Types of data to be compiled include chem- 
ical reaction yields (for instance, in aqueous solutions, 
hydrocarbon solutions, and crystalline solids), effects 
on physical properties, and specific rates of elementary 
processes. 

The NSRDS is a government-wide program for pro- 
moting and coordinating systematic data compilation 
and evaluation in all fields of the physical sciences. 
This program, administered by the Bureau, was estab- 
lished by the President’s Office of Science and Technol- 
ogy in 1963. 


Capacitance as a Positional Indicator 


The metallic diaphragm and contoured backing plates 
suggested the use of capacitance to sense diaphragm 
position. This is done by electrically insulating the 
central part of one of the backing plates from the rest 
of the instrument and bringing a lead out from this 
plate. The capacitance between the insulated backing 
plate and the diaphragm varies with diaphragm dis- 
placement. The null or neutral diaphragm position 
can be identified for different pressures if the capacity, 
nominally 49 pF, is known. 

The null is identified by means of a stable and sensi- 
tive capacity bridge. It consists of the transducer ca- 
pacity in one arm, a variable capacity in another arm, 
two large and nearly equal capacitors in the ratio arms, 
and a resistive-balancing adjustment. Precautions to 
minimize the effect of variations in stray or unavoidable 
capacitances on the bridge balance include the use of 
double-shielded coaxial cable between the transducer 
and bridge. A pressure imbalance across the dia- 
phragm deflects its and unbalances the bridge. The 
unbalanced signal is amplified, phase detected, and in- 
dicated on a 100—0—100 output meter. 


1A rugged null-type pressure transducer of high re- 
producibility for accurate gas phase PVT measurement, 
by Meyer Waxman and William T. Chen, J. Res. NBS 
69C (Eng. and Instr.) , 27-33 (Jan—March 1965). 

2 A highly sensitive differential manometer, VBS Tech. 
News Bull. 32, 132-33 (Nov. 1948), and Precision re- 
sistance thermometry and fixed points, by H. F. Stimson, 
Temperature, Its Measurement and Control in Science 
and Industry, Vol. 2, 141-168 (Reinhold Publishing 
Corporation, New York, 1955) . 
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Mechanism proposed for the 
SOLVENT EFFECT 


M@ Chemists at the NBS Institute for Materials 
Research are investigating the mechanism of the “sol- 
vent effect.” This is the name given to the change in 
acid strength when organic solvents are added to acids 
in aqueous solution—a change that cannot be explained 
by simple electrostatic theory. 

After a series of studies '*:* of the behavior of acids 
in methyl alcohol-water solvents, R. G. Bates and his 
associates of the electrochemical analysis laboratory 
have proposed a possible explanation of the solvent 
effect. They postulate that the organic solvent added 
to a water-rich medium breaks down the water, which 
is normally in a clustered form at room temperature, 
thereby increasing the basicity of the medium. 

Because many chemical processes that occur in so- 
lution are essentially interactions between acids and 
bases, the solvent effect is of considerable interest in 
the fields of chemistry, pharmaceutics, and medicine. 
Such processes include the synthesis of many organic 
chemicals and drugs, as well as enzymatic and related 
physiological operations of importance for clinical 
studies and medical research. These operations are 
often conducted in partially nonaqueous media, either 
because the reactants are not sufficiently soluble in 
water, or because a particular nonaqueous solution has 
a favorable effect upon the reaction rate or the extent 
of the reaction. Although some of these changes are 
profound, they are not well understood. 

To gain a deeper insight into the course followed by 
the solvent effect, the NBS scientists are examining 
the relationships among acid structure, charge type, 
acid strength, solvent basicity, and the dielectric con- 
stant of the solvent. 
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When the medium in which an uncharged, weak acid 
is dissolved is altered by the addition of an organic 
solvent of lower dielectric constant, the strength of the 
acid decreases. This effect is readily explained by the 
electrostatic influence of the lowered dielectric constant 
of the solvent on the process of ion separation. 

The behavior of positively charged weak acids is less 
easily explained. When these acids dissociate in a 
medium, the number of ions does not change. Hence, 
electrostatic influences should not affect the ionic equi- 
librium. Nevertheless, the general pattern of the solvent 
effect of methyl alcohol on weak acids, such as the am- 
monium ion and the protonated forms of the common 
amine bases, is an initial increase of strength when the 
alcohol is added to a water-rich solvent. This increase 
continues up to a methanol concentration between 60 
and 80 wt percent, where the ionization constant goes 
through a maximum and then falls rapidly as the water 
content of the solvent decreases. 

In explaining the results of these acid-solvent mix- 
tures, the NBS investigators have examined the elec- 
trostatic approach in detail. If the acid ions and the 
solvent ions are identical in size and contour, the work 
of charging a mole of each in the same medium should 
be equal. Thus, a change in the solvent would not 
influence either the dissociation constant, or the amount 
of energy absorbed or released when a mole of acid 
ions dissociates. If the ion sizes are different, different 
amounts of energy are required to charge the two ions; 
consequently, the dissociation energy should vary with 
the solvent. A further refinement is the assumption that 
the solvent’s dielectric constant varies from a minimum 
near the ion surface to its maximum value at a distance 
of about 4 A away from the center of the ion. 

Such electrostatic calculations explain some of the in- 
crease in cationic acid strength when methyl alcohol is 
added to the aqueous solvent, but the calculated increase 
is always far less than that actually observed. The 
deviations are too large to be attributed to oversim- 
plifications in the calculations. Similar attempts to 
explain the decreased strengths of uncharged acids also 
produce calculated strengths lower than those actually 
observed. The deviations are approximately the same 
for both types of acid in a solvent of fixed composi- 
tion. This observation indicates that a “basicity param- 
eter,” characteristic of the solvent, should be super- 
imposed upon the electrostatic parameters to explain 
fully the solvent effect. 

(Continued on p. 190) 


Using a potentiometer Mrs. Maya Paabo makes emf measure- 
ments of an acid dissolved in methanol-water mixtures with a 
potentiometer. 
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Guide for Requesting Preparation of Standards 


Requests for NBS to prepare standard reference ma- 
terials continue to exceed the Bureau’s capacity to pro- 
duce and certify these materials. To determine an 
order of priority for these requests, the Bureau needs 
and relies heavily upon information supplied by in- 
dustry. This information comes from industry’s rep- 
resentatives as well as from interested groups such as 
the American Society for Testing and Materials, the 
American Standards Association, and the International 
Organization for Standardization. 

To facilitate the flow of this information, NBS has 
prepared a “Guide for the Submission of Requests for 
the Development of New or Renewal Standard Reference 
Materials.” This “Guide” will help industry supply 
the information NBS needs to concentrate its efforts 
on the most urgently needed standard reference 
materials. 

The “Guide” has been printed on a tearsheet in the 
rear of NBS Miscellaneous Publication 260, entitled 
“Catalog and Price List of Standard Reference Ma- 
terials Issued by the National Bureau of Standards.” * 
Individual copies of the “Guide” may be obtained di- 
rectly from the NBS Office of Standard Reference 


Materials. 


Preparation of Third Beryllium-Copper Standard 


In addition to the two beryllium-copper standards 
being prepared at NBS (reported in this column Feb- 
ruary 1965), preparation of a third standard urgently 
needed by the aerospace industries is now under way. 
Preparation and analytical work on this third standard 
should be completed within six months. The beryllium- 
copper standards will be announced in this column as 
soon as they become available. 


Standards and Calibration— 


Standard Materials 


New Radioactivity Standard Available 


A new point-source gamma-ray radioactivity stand- 
ard of niobium-94, NBS Standard No. 4201, is now 
available from the Bureau.t The long half life of the 
radioactive material, approximately 2X10‘ years, 
makes this standard useful indefinitely. Niobium-94 
emits 0.703-MeV and 0.874-MeV gamma rays. This 
convenient energy spacing provides a means for quick 
determination of the energy resolution of x-ray de- 
tectors. The new standard also contains a niobium- 
93m impurity, which emits 16-kev x rays that are useful 
for energy calibration of detectors. No radiations that 
would impair the usefulness of the standard are as- 
sociated with this impurity. The approximate activity 
of this standard as of July 1965 is 1 X 10* dps (disinte- 
grations per second). NBS Standard No. 4201 may be 
ordered singly under the general licensing provisions of 
the Atomic Energy Act of 1954; the price of each stand- 
ard is $55.00.? 


1 For a list of NBS standards, see Standard Reference 
Materials: Catalog and Price List of Standard Materials 
Issued by the National Bureau of Standards, NBS Misc. 
Publ. 260, available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C., 20402, for 45 cents. 

2 This standard may be ordered from Julia C. Holland, 
Radioactivity Standard Samples, Radioactivity Section 
IBS, National Bureau of Standards, Washington, D.C., 
20234. The licensing provisions of the Atomic Energy 
Act of 1954 are contained in the Federal Register, Vol. 
21, p. 213 (Jan. 11, 1956). 


Changes in NBS Radio Broadcasts 


In accordance with National Bureau of Standards policy of giving monthly notices regarding changes of phases 
in seconds pulses, notice is hereby given that there was no change in the phase of seconds pulses emitted from radio 
station WWVB, Fort Collins, Colorado, on November 1, 1965. 

Notice is also hereby given that there was no change in the phase of time pulses emitted from radio station 
WWYV, Greenbelt Maryland, and WWVH, Maui, Hawaii, on November 1, 1965. These pulses at present occur at in- 
tervals which are longer than one second by 150 parts in 10°. This is due to the offset maintained in frequency, as 
coordinated by the Bureau International de l’Heure (BIH). 
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New NBS Fo 


Capaci 


@ New facilities recently placed in operation 
by the NBS Institute for Basic Standards have greatly 
enhanced the Institute’s capability for precise calibra- 
tion of large force-measuring devices, such as those 
used to measure rocket thrusts in the space effort. The 
new equipment comprises three huge deadweight ma- 
chines—of 1,000,000-lb, 300,000-lb and 112,000-lb ca- 
pacities—which have been installed in the NBS Engi- 
neering Mechanics Laboratory at Gaithersburg, Md. 

‘These machines apply loads up to a million pounds, 
in tension or compression, with an uncertainty of 0.002 
percent or 20 lb at 1,000,000 lb. Previously, the load 
limit of the largest NBS deadweight machine was 
111,000 lb. The new machines have reduced the time 
required to calibrate 1,000,000-lb capacity force-meas- 


Second-floor level of the 1,000,000-lb capacity deadweight ma- 


chine. A million-lb capacity proving ring is in position for- 


calibration. By remote control, Arnold J. Mallinger is operat- 
ing the hydraulic jack (third-floor level) which lifts the weights 
in the deadweight stack (first-floor level). 
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ce-Calibration Facilities 


y increased to one million pounds 


uring devices by almost half and they provide loads 
with accuracies that are 10 to 50 times as great as were 
previously possible. It is estimated that the improved 
accuracy will save the defense and space programs 
many millions of dollars in the development of rocket 
engines since fewer thrust-measurement tests will be 
required. 

Force measurements also are important in industry 
for weighing operations, materials testing, and auto- 
matic control of machinery. Most of the nearly one- 
thousand force-measuring devices calibrated at the Bu- 
reau each year are calibrated for force-device manufac- 
turers and standards laboratories to serve as reference 
standards for industry. However, force-measuring de- 
vices used in some critical space applications, particu- 


| Deadweights, ranging from 1,000 Ib to 50,000 1b, prior to instal- 
| lation in three large-capacity—I,000,000-lb, 300,000-lb, and 
| 112,000-lb—deadweight machines. The 50,000-lb weights are 
10 feet in diameter; the 1,000-lb weights are 3 feet in diameter. 
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larly those of million- and multi-million-lb capacity, are 
calibrated at the Bureau directly. Just before each Mer- 
cury space flight, a set of force-measuring devices was 
recalibrated at the Bureau for use with the Atlas rocket 
engine during the launch of the space vehicle. 
Deadweight machines are complex vertical equip- 
ments consisting of a stack of weights at the bottom, 
the loading frame to which the top weight in the stack 
is attached, a lifting frame to which the loading frame 
is linked by the device to be calibrated, and at the top, 
a hydraulic jack. As the hydraulic jack raises the lift- 
ing frame and in turn the loading frame, the weights in 
the stack, which are connected together somewhat like 
links in a chain, are lifted one at a time from the top 


Mr. Mallinger calibrates a million-lb capacity proving ring in 
the new 1,000,000-lb capacity deadweight machine. 
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down. (The number of weights picked up depends only 
on the height to which the loading frame is raised.) 
A force-measuring device is calibrated by measuring 
(electrically or mechanically) the deformation of the 
device when the deadweight load is applied and com- 
paring this measurement with one taken under no-load 
conditions. 

The overall height of the 1,000,000-lb capacity ma- 
chine is 96 ft (30 m); that of the 300,000-lb capacity 
machine, 62 ft (19 m); and that of the 112,000-lb 
capacity machine, 54 ft (17 m). The Engineering 
Mechanics Laboratory was designed to house these 
machines, so that the floors of the force-measurement 
rooms are at a common level and the roof height varies 
according to the height of the machines. Each ma- 
chine has three separate floor levels; the two larger 
deadweight machines have a portion of their dead- 
weight stacks in pits below the first-floor level. 

Temperature is carefully controlled in all the rooms 
occupied by the deadweight machines to insure maxi- 
mum transfer of accuracy in calibration. During a 
calibration, temperatures in the measurement rooms 
can be held constant within 0.3 degree C at any pre- 
selected nominal temperature between 10 and 38 °C. 
The pits below first-floor level have humidity as well 
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Left: First-floor level of the 1,000,000-lb capacity deadweight 
machine. Raymond Russell is cleaning the weights. Center: 
Schematic diagram showing the principle of operation of the 
large-capacity deadweight machines. As the hydraulic jack 
raises the lifting frame and in turn the loading frame through 
the calibration device, the weights, which are connected some- 
what like links in a chain, are lifted one at a time from top 
down. The number of weights picked up depends only on the 
height to which the loading frame is raised. Right: Third-floor 
level of the 1,000,000-lb deadweight machine recently installed 
in the NBS Institute for Basic Standards. The hydraulic jack 
for the million-pound deadweight stack is shown (above) with 
the hydraulic power supply (lower left). 


as temperature controls to minimize changes in the mass 
of the stainless steel weights due to corrosion. 

The deadweight stack of the 1,000,000-lb capacity 
machine has twenty 50,000-lb weights. The 300,000-Ib 
capacity machine has thirteen 10,000-lb weights, four 
20,000-lb weights, and three 30,000-lb weights. The 
112,000-Ib capacity machine has ten 10,000-lb weights, 
nine 1,000-lb weights, and one 3,000-lb weight. Diam- 
eters of the deadweights range from 10 ft (3 m) 
for the 50,000-lb weights to 3 ft (1 m) for the 1,000-lb 


weights. 
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Nitrogen oxides improve asphalt 


—Speed production 


@ In a recent study at the NBS Institute for 
Applied Technology, the effects of blowing asphalt 
with various oxides of nitrogen were investigated. In 
this study, P. G. Campbell and J. R. Wright replaced 
air in the blowing process with a mixture of nitrogen. 
and small amounts of nitric oxide, nitrous oxide, nitro- 
gen dioxide, photosensitized nitrogen dioxide, and a 
mixture of nitric oxide and oxygen, respectively. The 
results show that treatment of asphalt flux with nitro- 
gen dioxide, photosensitized nitrogen dioxide, and a 
nitric oxide-oxygen mixture produces coating-grade 
asphalts much faster than does blowing with air. More- 
over, the asphalts thus produced are more stable. to 
photo-oxidation, and to film rupture at any given rate 
of shear, than are commercial asphalts from the same 
flux. 


Left: The softening point and carbonyl absorbance changes rep- 
resent, respectively, all of the reactions that cause hardening of 
the asphalt, and the amount of oxidation that has occurred in 
the asphalt. Right: Southeastern USA asphalt flux was blown 


AA AT 1700 cm7! 


o 
@) 


oO 
es 
oO 
5 
ee 
= 
zB 
(e) 
a 80 
Oo 
= 
Ze 
uJ 
(= 
(oe 
(e) 
ep) 


ey 
(e) 


Dw) 
(e) 


20 40 60 80 
SOFTENING POINT INCREASE,°C 


November 1965 


—TIncrease hardness 


The controlled oxidation or “blowing” of asphalt 
flux has been used for over a century to improve the 
hardness of asphalt. Such asphalt is used as a roofing 
material on the majority of residential buildings in the 
United States today. Methods of improving asphalt 
quality by modifying the blowing conditions,’ by re- 
placing air with more reactive oxidants,? and by the 
use of catalysts * have been investigated recently at the 
Bureau. Nitrogen oxides were studied as oxidants 
because their effects on asphalt are not well under- 
stood, even though there are a few references in the 
patent literature to the use of nitrogen compounds in 
asphalt blowing. 


to coating-grade hardness using several oxides of nitrogen. 
Nitrogen dioxide (NO:), photosensitized nitrogen dioxide 
(NO:*), and a mixture of nitric oxide and oxygen produce 
harder asphalts in less time than do nitric oxide (NO) or 
nitrous oxide (N:O). 


[ia oS 
SYMBOL OXIDANT 


NOS 
NO2 
NO-O2 


1. egl2 
TIME, HOURS 
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In the present study, Southeastern USA asphalt flux 
was blown to coating-grade hardness by use of a gas 
mixture of 90 percent nitrogen and 10 percent of a 
nitrogen oxide. The flux temperature varied between 
110 and 150 °C and the gas flow was maintained at 
250 cm® per min. A controlled temperature chamber 
at 0 °C was used to measure the infrared spectra of 
the soft asphalts. The method employed to measure 
photo-oxidation rates, due to carbon-are irradiation, 
was based on changes in the infrared spectra of 25- 
micron films at 1700 cm (carbonyl absorbance) for 
selected times. Viscosity measurements were made on 
a sliding plate microviscometer at a temperature of 
40 °C. 

Under mild reaction conditions (temperatures ap- 
proximately one-half those used in commercial blowing, 
and minimal gas flow rates) the asphalt hardened in 
relatively short reaction times with nitric oxide-oxygen, 
nitrogen dioxide, and photosensitized nitrogen dioxide. 
Although nitric oxide alone had little effect, when 
oxygen was mixed with it in the heated flux, the soften- 
ing point rapidly increased, reaching 121 °C in 6.5 
hours. This rate exceeded that caused by either nitro- 
gen dioxide alone (177 °C in 8 hours) or pure oxygen 
(118 °C in 16.3 hours). Under the same experimental 
conditions, using air, a softening point of only 58 °C 
was obtained after 24-hours’ blowing time. 


Chemical Changes During Blowing 


The increase in softening point as a function of reac- 
tion time is indicative of complex chemical changes 
which cause asphalt hardening. Infrared analysis of 
unsupported asphalt films provides a method for deter- 
mining the nature of the functional groups formed when 
an asphalt flux undergoes hardening. 

Infrared spectra of the asphalt flux were therefore 
taken before and after treatment. For example, with 
photosensitized nitrogen dioxide the spectrum for the 
treated flux shows decreases in transmittance at 1700 
cm” and in the regions of 1550-1500 and 1350-1300 
cm, which were not present in the untreated flux. 
The transmittance decrease at 1700 cm is due to the 
formation of carbonyl groups (aldehydes, ketones and 
acids), while those in the regions of 1550-1500 cm"? 
and 1350-1300 cm™ correspond to the asymmetric 
and symmetric stretching vibrations of covalent nitro 


compounds. Only insignificant changes were found 
around 3500 cm“ and in the 2700 cm“ region represent- 
ing hydroxyl groups. 

The presence of nitro groups in the treated asphalt 
was anticipated. However, the large amount of car- 
bonyl compounds formed, when no free oxygen was 
used in the blowing process, indicated that some dis- 
sociation of nitrogen dioxide must have taken place. 
Apparently some contribution to hardening came either 
from the nitrogen dioxide, from a reactive dissociation 
complex, or from a more reactive form of oxygen. 

The softening-point increase for flux treated with 
nitric oxide-oxygen was plotted versus the carbonyl ab- 
sorbance changes of the same flux. The resultant curve 
shows a direct relationship between the two variables. 
These variables represent, respectively, all of the reac- 
tions that cause hardening, and the amount of oxidation 
that has occurred. This relationship should apply to 
other asphalts and oxidants. However, asphalts of 
different origins would be expected to respond differ- 
ently to oxidation, and various oxidants would be ex- 
pected to differ in their oxidizing ability. 


Effects of Photo-Oxidation 


The effects of photo-oxidation (caused by exposure 
in a carbon-arc weatherometer, at 49 ° C and 40 percent 
relative humidity) on the rheological properties of thin 
films of the blown asphalts were investigated. Micro- 
viscometer measurements showed that for any given 
rate of shear, within the range of the experimentally 
determined values, the viscosities of the photo-oxidized 
specimens were greater than those of the original sam- 
ples; the longer the exposure, the greater the viscosity. 


"For further information, see Oxidation of asphalt flux 
with oxides of nitrogen, by P. G. Campbell and J. R. 
Wright, Ind. Eng. Chem. Prod. Res. Dev. 4, No. 2, 121- 
128 (June 1965). 

* The effects of blowing variables on the durability of 
coating-grade asphalt, by S. H. Greenfeld, Ind. Eng. 
Chem. Prod. Res. Dev. 3, No. 2 (June 1964) ; also, Effect 
of blowing conditions on asphalt durability and blowing 
time, NBS Tech. News Bull. 48, No. 6, 94 (June 1964). 

° Ozonation of asphalt flux, by P.G. Campbell and J. R. 
Wright, Ind. Eng. Chem. Prod. Res. Dev. 3, No. 3, 186- 
194 (Sept. 1964) ; also, Oxygen and ozone improve as- 
phalt durability, NBS Tech. News Bull. 49, No. 2, 36-37 
(Feb. 1965). 

* Additives improve roofing asphalts, NBS Tech. News 
Bull. 49, No. 9, 142-143 (Sept. 1965). 


Solvent Effect—Continued 


The unexplained enhancement in strength suggests 
that, when methyl alcohol is added to water, the ba- 
sicity of the medium increases, passes through a maxi- 
mum, and then decreases as the composition approaches 
pure methyl alcohol. At first thought this observation 
is surprising, for water molecules are believed to be 
more basic than methanol molecules. At room temper- 
ature, however, a considerable part of the water exists in 
a clustered structure. If methanol were to cause a break- 
down in this clustered structure, an increase in the total 
basicity of the medium would result. Additional work 
under way at NBS, as well as studies elsewhere, should 
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shed further light on the validity of this proposed 


mechanism. 


‘Interpretation of pH measurements in alcohol-water 
solvents, R. G. Bates, M. Paabo, and R. A. Robinson, 
J. Phys. Chem. 67, 1833 (1963). 

’ Medium effects on the dissociation of weak acids in 
methanol-water solvents, E. E. Sager, R. A. Robinson, 
and R. G. Bates, J. Res. NBS 68A (Phys. and Chem.) , 
No. 3, 305 (1964). 

* Acid-base behavior in 50-percent aqueous methanol: 
Thermodynamics of the dissociation of protonated tris- 
(hydroxy-methyl) aminomethane and nature of the sol- 
vent effect, M. Woodhead, M. Paabo, R. A. Robinson, 
and R. G. Bates, J. Res. NBS 69A (Phys. and Chem.), 
No. 3, 263-270 (May-June 1965). 
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Cooperative Studies on the 


Problems of Handling Space Fuels 


H# A joint program of industry-government 
research that is closely related to the use of low-tem- 
perature fuels for space exploration was announced 
by the Bureau. 

Working with the aerospace industry and with NASA, 
the NBS Institute for Materials Research has set up co- 
operative studies that scientists hope will improve per- 
formance of systems using low-temperature liquids. 

Under an NBS Research Associate program, Aero- 
jet-General Corporation has loaned a specialist in low- 
temperature liquids to NBS from its research center at 
Sacramento, California. Dale Nielsen, the Aerojet- 
General scientist, will work with one of the country’s 
outstanding scientific groups in this field, in the Cryo- 
genics Division at the NBS laboratories in Boulder, 
Colo. 

The NBS team, under B. W. Birmingham, has been en- 
gaged for a number of years in studies of fundamental 
properties of low-temperature fluids, and how they act 
while flowing and as they are subjected to heat. Be- 
cause of his experience, Nielsen adds to the team’s abil- 
ity to relate the new findings to ways for reducing the 
weight and power required by low-temperature pumps. 
Aerojet-General designed and built the Titan booster 


Improved OMNITAB—Continued 


efficient of each term) ; results are stored in column 20. 
Finally, the terms belonging to the same expression are 
added together on the basis of an identification number 
in column 19; expression number and answer are 
stored in columns 32 and 33 respectively. 

The OMNITAB operating procedure, the complete 
list of commands, and a discussion of the variety of 
problems for which OMNITAB can be used are avail- 
able in a user’s manual soon to be published as NBS 
Handbook 101. An abridged version of this manual 
is already included as a subroutine in the program; the 
print-out of this abridged version may be called for by 
use of the word MANUAL. Similarly, the OMNITAB 
instruction set can be called for by use of the word, 
COMMANDS. As additional instructions are added to 
supplement the manual and keep it up to date, they may 
be called for by use of the word, WATSNU. 
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power plant engines used in stages one and two of the 
Gemini launching. 

In its research, the NBS team is using TV equipment, 
high-speed movie cameras, ultrasonic detectors, and 
small, accurate pressure and temperature gages to re- 
cord and study foam and bubble formation in low- 
temperature liquids as they are flowing. 

According to Robert L. Stern, Chief of the NBS 
Office of Industrial Services, the Aerojet-NBS project 
is part of a new emphasis on joint research, geared to 
long-term benefits in science and industry. 

Under the Research Associate program, scientists and 
engineers from industry conduct vital research at NBS 
under sponsorship of their own companies. They work 
with the precision equipment and the specially trained 
staff of NBS, towards solutions considered to be sig- 
nificant to industry, and in the national interest. On 
completion of the research, NBS makes the results avail- 
able so that they may benefit the entire nation’s scien- 
tific and technological communities, in and outside 
government. 

A number of Research Associate programs are now 
under way at NBS, in such other fields as building re- 
search, plastics, and lasers. 


The repertoire of OMNITAB operations and sub- 
routines exceeds that which can be stored at one time 
in a 32 K (about 32,000 storage locations) machine. 
Consequently, the subroutines have been arranged in a 
compatible system operating under the IBSYS moni- 
tor.2 Under this system, which was designed at the 
University of Maryland Computer Science Center, fre- 
quently used parts of the program are always in the 
core and less used portions are read into the core as 
needed from system tape. 


1OMNITAB: A second generation general purpose 
computer program, NBS Tech. News Bull. 47 (Jan. 
1963). 

° For further details, see A general-purpose interpre- 
tive program for the calculation of tables of functions 
and statistical and numerical analysis, by Joseph Hilsen- 
rath, Guy G. Ziegler, Carla G. Messina, Philip J. Walsh, 
and Robert J. Herbold, NBS Handbook 101 (1965) (to 
be published) . 

3 International Business Machines Corporation System 
monitor. 
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NOTE: Publications mentioned in this column, unless other 
wise stated, are available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, D.C., 


20402. NSRDS-NBS 3, Sec. 1, $0.35; Handb. 99, $0.35; 
Misc. Publ. 267, $2.00; NBS J. Res., Sec. D, $1.00. 


Selected Tables of Atomic Spectra, Section 1 


The increasing demand for data on atomic 
spectra derived from the analyses of optical spectra has 
prompted the planning of several sections of a publica- 
tion, to be known as NSRDS-NBS 3. Two innovations 
have been introduced in this publication. In order to 
supply much needed data to workers in such developing 
fields as space technology, plasma physics, and astro- 
physics, as quickly as possible, sections of NSRDS—-NBS 
3 will be published at different intervals, whenever 
adequate data for the individual spectra are available. 
Besides the spectra, both the atomic energy levels and 
the multiplet table for each spectrum will be included 
in each issue. 

This first section, by Charlotte Moore, is entitled 
Atomic Energy Levels and Multiplet Tables, Si n, 
Si lit. only: 


Examination of Liquefied Petroleum Gas 
Liquid-Measuring Devices 


Specialization in weights and measures ad- 
ministrative procedures has indicated a need for hand- 
books on individual subjects to replace a single hand- 
book covering the general area of testing measuring 
equipment. Handbook 99, published in “pocket size” 
for convenient use in field testing, is the latest product 
of this specialized series. 

This publication by Malcolm W. Jensen details the 
volumetric method of testing LP Gas liquid-measuring 
devices. This method is more accurate and more nearly 
approximates the actual operation of the measuring 
device than does the gravimetric method. Descriptions 
of apparatus, methods of calibration, step-by-step proce- 
dures for inspecting and testing commercial devices are 
given, and a report form plus procedure for completing 
it are suggested. Safety precautions are included as a 
“Hazardous Substance Warning” and as particular 
procedures to be followed during certain steps in the 
test. 


Systems Engineering in Ceramics 
Miscellaneous Publication 267, edited by H. F. 


McMurdie, covers the proceedings of the American 
Ceramic Society Symposium held in Chicago, IIl., in 
April 1964. It provides a general introduction to the 
field, discusses the relationship of systems engineering 
to other fields in engineering design and the basic con- 
cepts used in confronting a systems problem. Other 
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matters discussed are process control systems, and two 
important systems engineering techniques, those of 
computer and statistical methods. The final paper 
draws those preceding it together with examples of 
systems of interest to ceramic engineers. Although the 
material in some chapters pertains mostly to ceramics 
problems, there is a wealth of information on the 
whole field of systems engineering. 


The Statistical Analysis of Experimental Data 


The Statistical Analysis of Experimental Data,’ by 
John Mandel, Consultant on Mathematical Statistics of 
the NBS Institute for Materials Research, is written for 
the physical scientist who wants to utilize current sta- 
tistical methods in his work, rather than for the theo- 
retical statistician. In keeping with this aim, the book 
contains a great many worked examples, nearly all of 
which are taken from actual problems and the labora- 
tory data specific to them. Another distinguishing fea- 
ture is the consideration, in the last 80 pages of the 
book, of a class of problems increasingly common in 
large-scale research activities and in science-oriented 
industries seeking to establish general agreement on 
reliable test procedures. These chapters deal with 
what has been called “the measurement of measure- 
ment,” the use of statistical criteria for evaluating test 
and measurement procedures. 

However, most of the book is concerned with more 
conventional topics, which are presented with a mini- 
mum of mathematics. The following are principal sub- 
jects: basic working concepts (among others: prob- 
ability distribution functions, population and sample, 
normal distribution, combination of random variables, 
central limit therorem, and propagation of errors) ; 
homogeneous sets of measurements; precision and ac- 
curacy; method of least squares; testing the statistical 
model; analysis of structured data; some principles of 
sampling; and fitting of straight lines, curves and 
surfaces. 


Special Issue of Radio Science 


The December issue of Radio Science (NBS Journal 
of Research, Sec. D) will be devoted to papers on 
planetary atmospheres and surfaces. Radio Science is 
cosponsored by the Bureau and the International Sci- 
entific Radio Union (URSI). The editors are James 
R. Wait of ESSA’s Institute for Telecommunication 
Sciences and Aeronomy (formerly CRPL) and, for 
URSI, Professor L. A. Manning of Stanford University. 
Serving as guest editor for this issue is Dr. W. E. Gor- 
don of Cornell University. With the transfer of CRPL 
to ESSA (see story on p. 178), starting with the Jan- 
uary issue ESSA will replace the Bureau as cosponsor 


of Radio Science. 
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The special issue reports on the Symposium on Plane- 
tary Atmospheres and Surfaces, which was held at 
Dorado, Puerto Rico, May 24 to 27 under the sponsor- 
ship of the International Scientific Radio Union (URSI) 
and the International Astronomical Union. The Sym- 
posium consisted of six sessions at which invited papers 
and shorter contributed papers were presented and 
discussed. This issue of Radio Science will present 
the invited papers in full, all of the contributed papers 
in full or in summary, and the discussions as sum- 
marized from notes of the session chairmen. 

The Symposium highlighted several controversies, 
notably those concerning the rotational period of the 
planet Mercury, the dielectric constant of the lunar 
surface layer, and the validity and meaning of radar 


echoes reportedly obtained from Jupiter. A _ lively 
discussion among the participants was generated on 
each of these topics. 

Another highlight of the Symposium was the discus- 
sion of radar mapping of surface features of the planets 
Venus and Mars, the latter having an apparent relation 
with optical features, and of the craters of the Moon 
with a resolution equal to that of the unaided eye. 

Several of the observations reported were related in 
the broad sense to the weather and its changes on the 
planets. 


1The statistical analysis of experimental data, by 
John Mandel, $12.00, John Wiley & Sons, New York, 
1964. 


Polarization Measurement in the Vacuum Ultraviolet 


H A simple, direct method for measuring 
the degree of plane polarization in the vacuum ultra- 
violet has been devised by K. Rabinovitch, L. R. Can- 
field, and R. P. Madden of the NBS Institute for 


Basic Standards.t With this method, measurements 


can be made quickly and with only a modest amount of, 


equipment. This work was supported in part by the 
U.S. Atomic Energy Commission. 

The technique may be used for measuring the be- 
havior of ultraviolet light passing through optical in- 
struments. A variety of such instruments are used in 
rockets and satellites to study ultraviolet light in the 
upper atmosphere and similar instruments are used in 
plasma physics. This technique should be valuable in 
understanding and evaluating the data gathered by 
these instruments. 

Polarization can be easily measured by conventional 
techniques from the visible region to the quartz ultra- 
violet where polarizing materials are available. How- 
ever, for wavelengths shorter than 1200 A, no effective 
polarizer has been developed. 

In many experiments involving emitted radiation the 
degree of polarization (if any) is one of the character- 
istics which must be determined. For example, mono- 
chromators generally have a polarizing effect on the 
radiation they disperse. This can be caused by the use 
of reflecting or transmitting optics at other than normal 
incidence, by gratings, or by narrow slits. The amount 
of such polarization will vary with the instrument de- 
sign and can be expected to show a spectral dependence. 
For many applications it is desirable to know the degree 
of plane polarization which exists in the emerging 
radiation. 

The method presented here can be used to determine 
the degree of plane polarization of radiation emergent 
from a monochromator. Two variations of the method 
have been devised, both of which utilize a special condi- 
tion on the polarization of a reflector which holds when 
the angle of incidence of the emergent beam is 45°. 
The determination by either variation relies on Max- 
well’s equations and requires only a measurement of 
the reflectance at 45° angle of incidence with two or 
three orientations of the reflector about the optical axis. 
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The first procedure is particularly simple but re- 
quires that the partial plane polarization maximum lie 
along one of two orthogonal known axes—e.g., parallel 
with, or perpendicular to, the exit slit of a monochro- 
mator. The other procedure requires an additional 
measurement, but assumes only that the monochromator 
light source is incoherent. In either method a detailed 
knowledge of the optical constants of the reflector 
materia] is not required. 

The plane polarization of a 14-meter Seya-Namioka 
vacuum ultraviolet monochromator was measured by 
the new methods using two different gratings with two 
different surface coatings on one of the gratings. This 
was done in order to determine the degree to which the 
polarization depended on the grating. It was shown 
that plane polarization of the monochromator in the 
far ultraviolet strongly depended on the individual grat- 
ing used and on the overcoating material as well. 

Because of this dependence, the degree of plane po- 
larization which was determined for the monochroma- 
tor used in this experiment may or may not be typical 
of this type of instrument. However, it is obvious that 
one must expect strong polarization effects in this de- 
sign of monochromator. It would be of considerable 
interest to use these methods to explore the polarization 
characteristics of a number of other monochromator 
designs, and to achieve a better understanding of the 
polarization caused by gratings in the far ultraviolet 
spectral region. 

Although the degree of plane polarization has been 
determined only for the exit beam of a monochromator, 
the methods can be applied to certain other situations 
as well. It is felt that in most cases the first, and sim- 
pler, method would be sufficient. This was verified 
with the 14-meter Seya-Namioka monochromator used 
in this experiment. However, the second method is 
available for cases where the electric vector maximum 
of the partially plane polarized radiation is neither 
parallel nor perpendicular to the exit slit. 


1 For further technical details, see A method for meas- 
uring polarization in the vacuum ultraviolet, by K. Ra- 
binovitch, L. R. Canfield, and R. P. Madden, J. Appl. 
Opt. (in press). 
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Technical News Bulletin, Volume 49, No. 10, October 1965. 
15 cents. Annual subscription: $1.50, 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. Single 
copy, 70 cents. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 
Single copy, 75 cents. 

Section D. Radio Science. Issued monthly. Annual sub- 
scription: Domestic, $9; foreign, $11.50. Single copy, $1.00. 


Current Issues of the Journal of Research 
J. Res. NBS 69A (Phys. and Chem.), No. 6 (Nov.—Dec. 1965) . 


Arc .measurement of some argon transition probabilities. 

C. H. Popenoe and J. B. Shumaker, Jr. 

Theoretical interpretation of the third spectrum of gold 
(Au IIT). Y. Shadmi. 

Photopolarographic behavior of 
R. A. Durst and J. K. Taylor. 

Spectral structure of critical opalescence: binary mixture. 
R. D. Mountain. 

Irregularities in the NBS (1955) provisional temperature 
scale. H. M. Roder. 

Isotherms determined by the National Bureau of Standards 
acoustical thermometer in the liquid helium temperature 
range. G. Cataland and H. Plumb. 

Synthesis of D-glucose-3-"C and related compounds. H. L. 
Frush, L. T. Sniegoski, N. B. Holt, and H. S. Isbell. 

Correlation of large longitudinal deformations with different 
strain histories. L. J. Zapas and T. Craft. 

Crystallography of tetracalcium phosphate. W. E. Brown 
and E. F. Epstein. 

Electrode potentials in fused systems X. Measurement of 
cation concentration in molten salts using glass membrane 


electrodes. K. H. Stern and S. E. Meador. 


inorganic depolarizers. 


Radio Sci. J. Res. NBS/URSI 69D, No. 11 (November 1965). 


Propagation of pulses in dispersive media. J. R. Wait. 

An anisotropic electron velocity distribution for the cyclotron 
absorption of whistlers and VLF emissions. H. Guthart. 

Nose whistler dispersion as a measure of magnetosphere elec- 
tron temperature. H. Guthart. 

Interference rejection capability of a switched radiometer. 
R. E. Clapp. 

Atmospheric breakdown limitations to optical maser propa- 
gation. R. G. Tomlinson. 

Phase steps and amplitude fading of VLF signals at dawn 
and dusk. D. Walker. 

Propagation in a model terrestrial waveguide of nonuniform 
height theory and experiment. E. Bahar and J. R. Wait. 

Comments on H. Volland’s Remarks on Austin’s Formula.” 
J. R. Wait. 

The path integrals of LF/VLF wave hop theory. L. A. Berry 
and M. E. Chrisman. 

Reactive loading of arbitrarily illuminated cylinders to mini- 
mize microwave backscatter. K. M. Chen. 

On the statistical theory of electromagnetic waves in a fluctu- 
ating medium (II) Mathematical basis of the analogies to 
quantum field theory (a digest). K. Furutsu. 
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Other NBS Publications 


Hydraulic research in the United States 1965, Ed. H. K. Middle- 
ton, NBS Misc. Publ. 270 (July 22, 1965), $1.25. 

Quarterly radio noise data March, April, May, 1964, W. Q. Crich- 
low, R. T. Disney, and M. A. Jenkins, NBS Tech. Note 18-22 
(Aug. 2, 1965), 50 cents. 

Accuracy in measurements and calibrations, 1965, W. A. Wild- 
hack, R. C. Powell, and H. L. Mason, NBS Tech. Note 262 
(June 15, 1965), $1.00. 

Electrochemical analysis: Studies of acids, bases, and salts by 
EMF conductance, optical and kinetic methods July 1964 to 
June 1965, Ed. R. G. Bates, NBS Tech. Note 271 (Sept. 6, 
1965), 60 cents. 

Analysis and purification section: Summary of activities July 
1964 to June 1965, Ed. J. K. Taylor, NBS Tech. Note 273 
(Oct. 1, 1965), 50 cents. 

A numerical representation of CCIR report 322 high frequency 
(3-30 MC/S) atmospheric radio noise data, K. L. Lucas and 
J. D. Harper, Jr., NBS Tech. Note 318 (Aug. 5, 1965), 
55 cents. 


Publications in Other Journals 


This column lists all publications by the NBS staff, as soon 
after issuance as practical. For completeness, earlier references 
not previously reported may be included from time to time. 


Chemistry: 


Adhesive bonding of various materials to hard tooth tissues. 
I. Method of determining bond strength, R. L. Bowen, 
J. Dental Res. 44, No. 4, 690-695 (July—Aug. 1965). 

Characteristics of insoluble protein of tooth and bone—I, 
Fluorescence of some acidic hydrolytic fragments, S. A. 
Mancewicz and K. C. Hoerman, Arch. Oral. Biol. 9, 535-544 
(Oct. 1964). 

Crystal growth as chemical research, H. S. Peiser and J. L. 
Torgesen, Chemistry 38, 15-20 (1965). 

Determining moisture in solid materials by reaction with cal- 
cium carbide, S. Dahl, Mater. Res. Std. 5, No. 9, 446-453 
(Sept. 1965). 

Dissociation constant of acetic acid in deuterium oxide from 
5 to 50°. Reference points for a pD scale, R. Gary, R. G. 
Bates, and R. A. Robinson, J. Phys. Chem. 69, No. 8, 2750- 
2753 (1965). 

Electrical properties, A. J. Curtis, Book, Crystalline Olefin 
Polymers, Ed. R. A. V. Raff, 2, 105-130 (Interscience Publ. 
Inc., New York, N. Y., 1964). 

Energy loss straggling of protons and mesons: tabulation of the 
Vavilov distribution, S. M. Seltzer and M. J. Berger, Natl. 
Acad. Sci.-Natl. Res. Council Pub. 1133. Studies in the 
Penetration of Charged Particles in Matter, Ch. 9, pp. 187— 
203 (1964). 

Emission spectrum of CF, T. L. Porter, D. E. Mann, and N. 
Acquista, J. Mol. Spectry. 16, 228 (June 1965). 

Frequency-dependent transport coefficients in fluid mechanics, 
R. Zwanzig, J. Chem. Phys. 43, No. 2, 714-720 (July 15, 
1965). 

High-pressure x-ray diffraction studies, G. J. Piermarini, Proc. 
13th Chemical Engineering Conf., Montreal, Canada, Oct. 
19-23, 1963, pp. 182-185 (Chemical Institute of Canada, 
1963) . 

High temperature measurements and standards: 1000-3000 °C, 
R. F. Walker (Proc. Intern, Symp. High Temperature Tech- 
nology, International Union of Pure and Applied Chem., 
Asilomar, Pacific Grove, Calif., Sept. 1963), Book, High 
Temperature Technology, Suppl. to Pure and ‘Appited chee 
p. 7 (Butterworths Inc., Washington, D.C., 1964). 


NBS Technical News Bulletin 


H.-transfer reactions in the gas-phase radiolysis of hydrocar- 
bons, P. Ausloos and S. G. Lias, J. Chem. Phys. 43, No. 1, 
127-135 (July 1, 1965). 

Infrared spectrum of the free radical NCN, D. E. Milligan, 
M. E. Jacox, J. J. Comeford, and D. E. Mann, J. Chem. Phys. 
43, No. 2, 756-757 (July 15, 1965). 

Mass spectrometric study of the reaction of nitrogen atoms 
with ethylene, J. T. Herron, J. Phys. Chem. 69, No. 8, 2736- 
2740 (Aug. 1965). 

Osmotic and activity coefficients of tris (hydroxymethyl) ami- 
nomethane and its hydrochloride in aqueous solution at 25 °C, 
R. A. Robinson and V. E. Bower, J. Chem. Engr. Data 10, 
No. 3, 246-247 (1965). 

Oxidation of asphalt in the presence of ozone, J. R. Wright 
and P. G. Campbell, Am. Chem. Soc. Div. Petroleum Chem. 
Preprint 9, No. 2, B99 (Apr. 1964). 

Oxygen atoms reaction with condensed olefins, R Klein and 
M. D. Scheer, Science 14.4, 1214 (1964). 

Present status of project HAYSTAQ, E. C. Marden and H. R. 
Koller, (Proc. 3rd Annual Meeting Comm. Intern. Coopera- 
tion and Information Retrieval Among Examining Patent Of- 
fices, Vienna, Austria, Sept. 17-26, 1963), Book, Information 
Retrieval Among Examining Patent Offices, Ed. H. Pfeffer, 
pp. 163 (Spartan Books Inc., Baltimore, Md., 1964). 

Radiochemical determination of uranium of low activity, L. A. 
Currie, G. M. France, III, and P. A. Mullen, Health Phys. 10, 
751-755 (1964). 

Radiolytic stress relaxation of an ethylene-propylene copolymer, 
H. Yu and L. A. Wall, J. Phys. Chem. 69, 2072-2078 (June 
1965). 

Reaction of deuterated polystyrenes with hydrogen and deu- 
terium atoms, L. A. Wall and R. B. Ingalls, J. Chem. Phys. 
41, No. 4, 1112-1120 (Aug. 1964). 

Sampling of leather for physical and chemical examination, J. 
Mandel and J. R. Kanagy, Book, The Chemistry and Tech- 
nology of Leather 4, Ch. 59, 223-242 (Reinhold Publ. Corp., 
New York, N.Y. 1965). 

Some electrochemical aspects of germanium dissolution. Simul- 
taneous chemical and electrochemical oxidation, W. E. Reid, 
Jr., J. Phys. Chem. 69, No. 7, 2269-2277 (July 1965). 

Stress relaxation of y-irradiated fluorocarbon elastomers, T. 
Yoshida, R. E. Florin, and L. A. Wall, J. Polymer Sci. "A3, 
No. 5, 1685-1712 (May 1965). 

The determination of beta-emitting radionuclides in aqueous 
formamide solutions, A. Schwebel, Proc. Bioassay and Ana- 
lytical Chemistry Meeting, Argonne Natl. Lab., Argonne, II1., 
Oct. 1962, ANL Publ. 6637, p. 29 (1962). 

The half-life of carbon- 14; comments on the mass-spectrometric 
method, E. E. Hughes and W. B. Mann, (Proc. Radio-Carbon 
Dating ‘Conf. Cambridge, 1962), Intern. J. Appl. Radiation 
Isotopes 15, 97-100 (1964) . 

The heats of solution and oxidation of sulfur dioxide, W. H. 
pose and S. Sunner, Acta. Chem. Scand 17, 1917-1924 

1963). 

The kinetics of positive ion desorption from polycrystalline 
tungsten and rhenium, M. D. Scheer and J. Fine, (Proc. In- 
tern. Symp. Condensation and Evaporation of Solids, Dayton, 
Ohio, Sept. 12-14, 1962), Book, Condensation and Evapora- 
tion of Solids, Ed. E. Rutner, P. Goldfinger, and J. P. Huth, 
Paper 20, p. 327 (Gordon and Breach, New York, N.Y., 1963). 

The molecular symmetry of iodopentaborane, L. H. Hall, J. 
Am. Chem. Soc. Commun. to Editor 86, No. 21, 4729 (Nov. 
5, 1964). 

Thermal decomposition of 2,3-dimethylbutane in a single-pulse 
shock tube, W. Tsang, J. Chem. Phys. 43, No. 2, 352-359 
(July 15, 1965). 

The role of carbon dioxide in the bone char process, F. G. Car- 
penter, V. R. Deitz, and D. Larry, Proc. 1963 Sugar Industry 
Technologist 22, No. 2, 27-45 (Chemistry Inst., New York, 
N.Y., May 1963). 

The structure of carbon suboxide, W. J. Lafferty and A. G. 
Maki, Chemistry 37, No. 7, 19 (July 1964). 

Theoretical electromotive forces for cells containing a single 
solid or molten fluoride, bromide, or iodide, W. J. Hamer, 
M. S. Malmberg, and B. Rubin, J. Electro. Chem. Soc. 112, 
No. 7, 750-755 (July 1965). 
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Thermodynamics of solid carbon dioxide solubility in liquid sol- 
vents at low temperatures, A. L. Myers and J. M. Prausnitz, 
Engr. Chem. 4, No. 2, 209-212 (May 1965). 

Thermogravimetric study of some new transition metal-schiff 
base coordination polymers, E. Horowitz, M. Tryon, and R. 
G. Christensen, J. Appl. Polymer Sci. 9, 2321-2336 (1965). 

Weathering: theoretical and practical aspects of asphalt, J. R. 
Wright, Book, Bituminous Materials: Asphalts, Tars, and 
Pitches, Ed. A. J. Hoiberg, Vol. 2. Asphalts, Pt. 1, Ch. 8, 
249-306 (J. Wiley and Sons, New York, N.Y., 1965). 

Xenon photosensitized formation of metastable nitrogen, M. 
Scheer and W. M. Jackson, Science 148, 3678 (1965). 

X-ray study of isothermal thickening of lamellae in bulk poly- 
ethylene at the crystallization temperature, J. D. Hoffman and 
J. J. Weeks, J. Chem. Phys. Note 42, No. 2, 4301-4302 (June 
15, 1965). 


Engineering and Instrumentation: 


A liquid-medium step-function pressure calibrator, R. O. Smith, 
J. Basic Eng. Series D, 86, No. 4, 723-727 (Dec. 1964). 

Are our neighbors from abroad aware of standards and what 
standards can do for them A. T. McPherson, Proc. 13th 
Annual Meeting Standard Engineering Society, New York, 
N.Y., Sept. 3, 1964, pp. 11A1-11A2 (1965). 

Automatic optical design, O. N. Stavroudis, Book, Advances in 
Computers, Ed. F. L. Alt and M. Rubinoff, IV, 227-255 
(Academic Press Inc., New York, N.Y., 1964). 

Clinical evaluation of complete dentures made of 11 different 
types of denture base materials, J. B. Woelfel, G. C. Paffen- 
barger, and W. T. Sweeney, J. Am. Dental Assoc. 70, No. 7, 
1170-1188 (May 1965). 

Comments on the paper “A liquid-medium step-function pres- 
sure calibrator”, by R. O. Smith, J. L. Cross, Trans. Am. 
Soc. Mech. Eng. Series D, 86, 729 (1964). 

Comments on three papers on fire tests, J. V. Ryan, ASTM 
Fire Test Symp., Oct. 1, 1962, Am. Soc. Testing Material 
Spec. Tech. Publ. No. 344, 52 (Oct. 1963). 

Digitizing pictorial information with a precision optical scanner, 
R. T. Moore, M. C. Stark, and L. Cahn, Photogrammetric 
Eng. XXX, No. 6, 923 (Nov. 1964). 

Dimensional changes of dental amalgam associated with strain 
release in the silver alloy particles, G. Dickson and R. M. 
Waterstrat, J. Dental Res. 44, No. 3, 620 (May-June 1965). 

Discussion of paper 63-39 I, “The measurement of short dura- 
tion impulse voltages”, by F. C. Creed and M. M. C. Collins. 
H. N. Cones, IEEE Trans. Commun. Electron. EC-—69, 629 
(Nov. 1963). 

Effect of surface texture on diffuse spectral reflectance, Part B. 
Surface texture measurement of metal surfaces, D. B. 
Spangenberg, A. G. Strang, and J. L. Chamberlin, (Symp. 
Measurement of Thermal Radiation of Solids, San Francisco, 
Calif., Mar. 4-6, 1964), NASA Spec. Publ. SP—55, Session 
II, Paper 17, pp. 169-177 (1965). 

Focused-beam electron bombardment evaporator, D. H. Black- 
burn and W. Haller, Rev. Sci. Instr. 36, No. 7, 901-903 
(July 1965). 

Fracture topography of brittle polymers, S. B. Newman, 
Polymer Engr. Sci. 5, No. 3, 159-165 (July 1965). 

Gold in dentistry, W. T. Sweeney and C. L. Burns, American 
Society for Metals Monograph on Gold. Recovery, Proper- 
ties and Applications, Ch. 13, pp. 227-235 (D. Van Nostrand 
Co. Inc., Princeton, N. J., 1964). 

Guide to dental materials, 1964-1965, G. C. Paffenbarger, J. W. 
Stanford, and W. T. Sweeney, Am. Dental Assoc. 2nd ed., 
159 pages (Chicago, IIl., 1964). 

Intense resonance line sources for photochemical work in the 
vacuum ultraviolet region, H. Okabe, J. Opt. Soc. Am. 54, 
478 (Apr. 1964). 

Interferometer test of the 26-inch refractor at Leander Mc- 
Cormick Observatory, J. B. Saunders, Astron, J. 69, No. 6, 
449 (Aug. 1964). 

Letter to the Editor of Industrial Research in answer to letters 
regarding “Synthesis of Food,” A. T. McPherson, Ind. Res. 
Feedback Col. 4, No. 5, 15-16 (May 1962). 
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Liquid hydrogen bubble chambers, H. P. Hernandez and B. W. 
Birmingham, Book, Technology and Uses of Liquid Hydro- 
gen, Ch. 8, pp. 228-284 (Pergamon Press, Inc., New York, 
N.Y., 1964). 

Measurement of very-high pressures, E. C. Lloyd and A. A. 
Giardini, Acta Imeko 2, 305 (1964). 

Programed maneuver-spectrum fatigue test of aircraft beam 
specimens, L. Mordfin and N. Halsey, Am. Soc. Testing 
Mater. Spec. Tech. Publ. 338, 251-272 (1963). 

Some physical characteristics of agar impression materials, M. 
Ohashi, G. C. Paffenbarger, and J. W. Stanford, J. Nihon 
Univ. Sch. Dent. 7, No. 1, 1-11 (Mar. 1965). 

Spectral distribution of typical daylight as a function of cor- 
related color temperature, (condensed version), D. B. Judd, 
Tllum. Eng. 60, No. 4, 272-278 (Apr. 1965). 

Summary of symposium on methods of metallographic specimen 
preparation, L. L. Wyman, Am. Soc. Testing Mater. Spec. 
Tech. Publ. 285, 130 (May 1961). 5 

The cement and concrete reference laboratory inspection serv- 
ice for concrete testing laboratories, J. R. Dise, Concrete 
Construc. 9, No. 8, 234 (Aug. 1964). 

The effect of environment on the fatigue strengths of four se- 
lected alloys, T. R. Shives and J. A. Bennett, NASA Con- 
tractor Report CR-267, 2-22 (Aug. 1965). 

The Institute for Applied Technology, D. A. Schon, Engineer 
V, No. 2,3 (Summer 1964). 

The liquefaction of hydrogen. 3A. Basic principles, P. C. 
Vander Arend and D. B. Chelton, Book, Technology and 
Uses of Liquid Hydrogen, Ch. 3, pp. 38-55 (Pergamon Press, 
Inc., New York, N.Y., 1964). 

The liquefaction of hydrogen. 3B-2. Large scale hydrogen 
liquefaction facilities, P. C. Vander Arend and D. B. Chel- 
ton, Book, Technology and Uses of Liquid Hydrogen, Chapt. 
3, pp. 79-105 (Pergamon Press, Inc., New York, N.Y., 1964). 

The work of NOMAD-1, W. Hakkarinen, Proc. Buoy Tech- 
nology Symp., Washington, D.C., 24-25, 1964, p. 443 (Marine 
Technology Society, 1964). 

What is needed next in the simulation of the arterial street? 
M. C. Stark, Proc. Highway Conf. Progress Related to the 
Future of Surveillance, Simulation and Control, Washington, 
D.C., Sept. 14-15, 1964, pp. 144 (Bureau of Public Roads, 
Washington, D.C., 1964). 

What’s ‘new in control standards, H. L. Mason, Control Eng. 
11, No. 6, 85-87 (June 1964). — 


Mathematics: 


Address encoding—A study of the double-binary keyboard as a 
link in the machine—sorting of mail, J. R. Cornog, J. F. 
Hockman, and J. C. Craig, (Proc. Winter Annual Meeting, 
American Society of Mechanical Engineers, Philadelphia, 
Pa., Nov. 17-22, 1963), ASME Publ. 63-WA-338 (1964). 

Approximations to the distribution of quadratic forms, M. M. 
Siddiqui, Ann. Math. Stat. 36, No. 2, 677-682 (Apr. 1965). 

Estimation for a one-parameter exponential model, J. A. Speck- 
man and R. G. Cornell, J. Amer. Stat. Assoc. 60, 560-572 
(1965). 

How people influence experimental results, J. R. Cornog, Proc. 
Social Statistics Section Convention, American Statistical 
Association, Cleveland, Ohio, pp. 119-122 (1964). 

Inequalities for permanents and permanental minors, R. A. 
Brualdi and M. Newman, Proc. Cambridge Phil. Soc. 61, Pt. 
3, 741-746 (Jan. 26, 1965). 

Mortality patterns in eight strains of flour beetles, D. B. Mertz, 
T. Park, and W. J. Youden, Biometrics 21, No. 1, 99-144 
(Mar. 1965). 

On the binary collision expansion of the classical N-body 
Green’s function, J. Weinstock, Phys. Rev. 126, No. 1, 341- 
344 (Apr. 1, 1962). 

On matching problems, J. Edmonds, A. J. Goldman, C. Witzgall, 
C. T. Zahn, Jr., Proc. ARO Working Group on Computers, 
ARO-D Report 65-1, pp. 46-50 (Office Chief Res. and 
Develop., Feb. 1964). 

Paths, trees, and flowers, J. Edmonds, Can. J. Math. 17, 449- 
467 (1965). 
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Plasma oscillations with collective correlations, C. M. Tchen, 
Proc. 6th Intern. Conf. Ionization Phenomena in Gases, Paris, 
France, July 8-13, 1963, I, 195-199 (P. Hubert Assoc., 
EURATOM-CEA Centra-d-Etudes Nucleaires de Fontenay- 
aux-Roses, Paris, France, 1963). 

Realization of.semi-multipiers as multipliers, H. Fell and A. J. 
Goldman, Am. Math. Mo. 72, No. 6, 639-641 (June-July 
1965). 

Some remarks on certain generalized Dedekind sums, H. Rade- 
macher, Acta Arithmetica 9, Sec. 1, 97-105 (1964). 

Stochastic theory of diffusion in a plasma across a magnetic 
field, C. M. Tchen, Proc. Intern. Symp. Diffusion, Feldafing, 
Germany, June 29-July 3, 1964, pp. 118-123 (1964). 

The current status of graphic storage techniques: their poten- 
tial application to library mechanization, S. N. Alexander, 
(Proc. Conf. Library Automation, Airlie Foundation, War- 
renton, Va., May 26-30 1963), Book, Libraries and Automa- 
tion, Ed. B. E. Markuson, pp. 111-140 (Library of Congress, 
Washington, D.C., 1964). 


Metrology: 


Accurate length measurement of meter bar with helium-neon 
laser, K. D. Mielenz, H. D. Cook, K. E. Gillilland, and R. B. 
Stephens, Science Letter 146, No. 3652, 1672-1673 (Dec. 
1964). 

Comments on “Application of experimental design to the study 
of a test method, R. T. Thaxter and P. D. Hubbe. J. Mandel, 
Tappi 46, No. 12, 193A-194A (Dec. 1963). 

Direct quantitative analysis of microstructures by a digital 
computer, G. A. Moore, Am. Soc. Metals Tech. Report No. 
16.3 (1964) ; (condensed version), Book, Computer Applica- 
tions in Metallurgical Engineering, p. 111 (Am. Soc. Metals, 
Metals Park, Ohio, 1964). 

Educating metrologists, T. R. Young, Ordnance XLIX, No. 268, 
432-435 (Jan.—Feb. 1965). 

Measurement—R. & D looks to future, W. A. Wildhack, Con- 
trol Eng. 12, No. 1, 75-76 (Jan. 1965). 

Metrology as related to microminiaturization processes, T. R. 
Young, Proc. Microminiaturization Congress, New York, 
N.Y., Mar. 10-13, 1962 (American Watchmakers Inst., New 
York, N.Y., Mar. 1963). 

The definition of alginate impression materials by a specifica- 
tion, M. Ohashi, G. C. Paffenbarger, and J. W. Stanford, J. 
Nihon Univ. Sch. Dent. 7, No. 1, 12-28 (Mar. 1965). 

The statistical construction of a single standard from several 
available standards, E. L. Crow, [EEE Trans. Instr. Meas- 
IM—13, No. 4, 180-185 (Dec. 1964). 

The temporal dimensional stability of surface-hardened steels, 
M. R. Meyerson, Metal Treating 15, No. 6,5 (Dec. 1964—Jan. 
1965. 


Physics: 


Analysis of the spectrum of triply ionized praseodymium (Pr 
eet Sugar, J. Opt. Soc. Am. 55, No. 9, 1058-1061 (Sept. 
1965). 

A method for measuring polarization in the vacuum ultraviolet, 
K. Rabinovitch, L. R. Canfield, and R. P. Madden, Appl. Opt. 
4, No. 8, 1005-1010 (Aug. 1965). 

A one-dimensional model of polymer adsorption, E. A. DiMarzio 
and F. L. McCrackin, J. Chem. Phys. 43, No. 2, 539-547 
(July 1965). 

Atomic scattering factors for the lithium and beryllium isoelec- 
tronic sequences from accurate analytic Hartree-Fock wave 
functions, C. M. Womack, Jr., and J. N. Silverman, Z. Kryst. 
118, No. 5-6, 422-433 (Sept. 1963). 

Calculation of electronic energies in HCO., HCO, W. H. 
Kirchhoff, J. Farren, and J. W. Linnett, J. Chem. Phys. 42, 
No. 4, 1410-1422 (Feb. 15, 1965). 

Calculations of the hyperfine splitting for the lithium atom, 
J. B. Martin and A. W. Weiss, J. Chem. Phys. Letter 39, No. 
6, 1618-1620 (Sept. 15, 1963). 

Calculation of the radiative tail in the inelastic scattering of 
electrons, L. C. Maximon and D. B. Isabelle, Proc. Intern. 
Conf. Nuclear Physics, Paris, France, July 2-8, 1964, 2, 
1031-1033 (1964) . 
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Coupling of particle-hole states and two particle-two hole states: 
splitting, W. Greiner and M. Danos, Compt. Rend. Congres 
Intern. Physique Nucleaire, Ed. P. Gugenberger, II, 617 (Edi- 
tions du Centre National de la Recherche Scientific, Paris, 
France, 1964). 

Connection between shielding and stability in a collisionless 
plasma, F. Engelmann, M. Feix, and E. Minardi, I] Nuovo 
Cimento, Serie X, 30, 830-836 (Nov. 1963). 

Drift mobility and diffusion for impurities in ionic crystals, 
J. R. Manning, Phys. Rev. 139, No. 6A, A2027—A2034 (Sept. 
13, 1965). 

Dynamic theory of the nuclear collective model, M. Danos and 
W. Greiner, Phys. Rev. 134, B285 (1964). 

Electromagnetic properties of a quantized relativistic electron- 
positron gas, L. A. Steinert, Il Nuovo Cimento, Serie X, 36, 
935-953 (Apr. 1965). 

Energy levels of polarons in a magnetic field, D. M. Larsen, 
Phys. Rev. 135, No. 2A, A419-A426 (July 20, 1964). 

Excitation of optically forbidden states in the ionization 
continuum by electron impact, J. A. Simpson, G. E. Cham- 
berlain, and S. R. Mielczarek, Phys. Rev. 139, No. 4A, 
A1039-A1041 (Aug. 1965). 

Experiments in electron scattering, L. L. Marton, Lab. Invest. 
14, No. 6, Pt. II, 754 (1965). 

Experimental verification of the WLF superposition technique, 
A. J. Bur, (Proc. Electrical Insulation Conf., Cleveland, 
Ohio, Oct. 1964), Natl. Acad. Sci.-Natl. Res. Council Publ. 
1238, pp. 70-71 (1965). 

Experimental fires in enclosures, D. Gross and A. F. Robertson, 
‘Proc. 10th Symp. (Intern.) Combustion, Cambridge, Eng- 
land, Aug. 1964, pp. 931-942 (1965). 

General report on fundamental spectroscopic data, C. E. Moore 
(Proc. Intern. Astronomical Union Commission 14 Meeting, 
Hamburg, Germany, Aug. 1964), Trans. Intern. Astron. 
Union XITA, 156 (July 1965). 

Gas mixtures and pressures for optimum output power of RF 
excited helium-neon gas lasers at 632.8 nm, K. D. Mielenz 
and K. F. Nefflen, Appl. Opt. Letter 4, 565 (May 1965). 

Historical background of image formation, L. Marton, Lab. 
Invest. 14, No. 6, Pt. I, 739 (1965). 

Hypervelocity cratering data and a crater depth model for the 
regime of partial fluidity, O. G. Engel, Proc. 6th Hyper- 
velocity Impact Symp., Cleveland, Ohio, Apr. 30—-May 1, 
1963, II, Pt. II, 337-366 (U.S. Army Ballistics Res. Lab., 
Aberdeen Proving Ground, Md., Aug. 1963). 

Impurity controlled properties of ionic solids, A. D. Franklin, 
(Proc. Symp. Physics and Chemistry of Ceramics, Pennsy]l- 
vania State Univ. (University Park, Pa., May 28-30, 1963), 
Book, Physics and Chemistry of Ceramics, pp. 77-109 
(Gordon and Breach, New York, N.Y., 1963). 

Introduction, Book, Technology and Uses of Liquid Hydrogen, 
a na Scott, pp. 1-8 (Pergamon Press Ltd., London, England, 

964). 

Investigation of the anomaly in the response of silicon semi- 
conductor radiation detectors at low temperatures, W. R., 
Dodge, S. R. Domen, A. T. Hirshfeld, and D. D. Hoppes, 
IEEE Trans. Nuclear Sci. NS-12, 295 (Feb. 195). 

Laboratory measurement of the rate of the reaction O*+0. 
—>0O2-+0 at thermal energy, F. C. Fehsenfeld, P. D. Goldan, 
A. L. Schmeltekopf, and E. E. Ferguson, Planet. Space Sci. 
13, 579-582 (Mar. 1965). 


November 1965 


Letter to the Editor “Physical significance of the Fulcher equa- 
tion’, A. B. Bestul, Phys. Chem. Glasses 6, No. 3, 108-110 
(June 1965). 

Localized-introduction concept on a curved vortex and motion 
of an elliptic vortex ring, R. J. Arms and F. R. Hama, Phys. 
Fluids 8, No. 4, 553-559 (Apr. 1965). 

Matter transport in solids, R. E. Howard and A. B. Lidiard, 
Rept. Progr. Phys. XXVII, 161-240 (1964). 

Minutes of the Meeting at Tokyo, Japan, of the Triple Com- 
mission for Spectroscopy, September 9, 1962, C. E. Moore, J. 
Opt. Soc. Am. 53, No. 7, 883-893 (July 1963). 

Nuclear magnetic resonance in bulk nickel samples, L. H. Ben- 
nett, Phil. Mag. 12, No. 115, 213-215 (July 1965). 

On the possibility of the measurement of the nuclear 2*-pole de- 
formation, M Danos, W. Greiner, and C. G. Kohr, Physics 
Letters 12, No. 4, 344 (1964). 

Optical constants in the vacuum ultraviolet and electron energy 
losses, L. L. Marton, J. Quant. Spectr. Radiative Transfer 2, 
671-678 (May 1964). 

Optical properties of beryllium in the ultraviolet from electron 
energy absorption, R. E. LaVilla and H. Mendlowitz, Appl. 
Opt. 4, No. 8, 955-960 (Aug. 1965). 

Preliminary studies on the characterization of solution-grown 
ADP crystals, R. D. Deslattes, J. L. Torgensen, B: Paretzkin, 
and A. T. Horton, Advan. X-Ray Anal. 8, 315-324 (1965). 

Relation of the stacking fault energy to segregation at stacking 
faults and to the occurrence of phase boundaries in F.C.C. 
binary alloys, R. DeWit and R. E. Howard, ACTA Met. 13, 
655-661 (June 1965). 

The annealing of vacancies in dilute alloys, R. E. Howard and 
A. B. Lidiard, Phil. Mag. 11, No. 114, 1179-1187 (June 
1965). 

The determination of work function from the ratio of positive to 
negative surface ionization of an alkali halide, J. Fine, T. E. 
Madey and M. D. Scheer, Surface Sci. 3, 227 (1965). 

The gamma-ray distribution from oriented cerium-141 and its 
application to thermal contact at low temperature, J. F. 
Schooley and D. D. Hoppes (Proc. 8th Intern. Conf. Low 
Temperature Physics, Queen Mary College, London, England, 
Sept. 1963), Book, Low Temperature Physics, Ed. R. O. 
Davies, pp. 435-436 (Butterworth Inc., Washington, D.C., 
1963). 

Thermal diffusion of substitutional impurities in metals, R. E. 
Howard and A. B. Lidiard, Acta Met. 13, No. 4, 433-444 
(1965). 

The spin lattice relaxation time of some paramagnetic disper- 
sions, P. H. Fang (Proc. XI Colloque Ampere, Eindhoven, 
The Netherlands, June 1962), Book, Magnetic and Electric 
Resonance and Relaxation, pp. 123-128 (1963). 

Theoretical aspects of polymer crystallization with chain folds: 
bulk polymers, J. D. Hoffman, SPE Trans. 4, No. 4, 315- 
362 (Oct. 1964). 

Total photonuclear cross sections for low atomic number ele- 
ments, J. M. Wyckoff, H. W. Koch, B. Ziegler, and R. Uhlig, 
Phys. Rev. 137, No. 3B, B576—B594 (Feb. 1965). 

Utility of the Tait equation relating volume and pressure in 
the study of transitions in polymers, L. A. Wood, J. Polymer 
Sci. B2, No. 7, 703-707 (July 1964). 

Unorthodoxy in science, L. A. Wood, J. Wash. Acad. Sci. 51, 
30 (Mar. 1961). 
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OFFICIAL BUSINESS 


Vapor-phase growth kinetics of potassium and mercury crystals, 
R. L. Parker and S. C. Hardy (Proc. Intern. Symp. Conden- 
sation and Evaporation of Solids, Dayton, Ohio, Sept. 12-14, 
1962), Book, Condensation and The Evaporation of Solids. 
Section II. Condensation of Solids, p. 649 (Gordon and 
Breach, New York, N.Y., 1964). 

Volume relaxation of As2Oz in the glass transformation, A. B. 
Bestul, Proc. Intern. Conf. on Physics of Non-Crystalline 
Solids, Delft, The Netherlands, July 1964, pp. 426-435 
(North-Holland Publ., Amsterdam, The Netherlands, 1965). 

Volume relaxations in amorphous polymers, R. S. Marvin and 
J. E. McKinney, Book, Physical Acoustics, Ed. W. P. Mason, 
IIB, Ch. 9, 165-229 (Academic Press Inc., New York, N.Y., 
1965). 

Wave functions for anharmonic oscillators by perturbation 
methods, A. M. Shorb, R. Schroeder, and E. R. Lippincott, 
J. Chem. Phys. 37, 1043 (Sept. 1, 1962). 

Wave mode modification in liquid helium with clamped normal 
fluid, G. L. Pollack and J. R. Pellam, Proc. 9th Intern. Conf. 
Low Temperature Physics, Columbus, Ohio, Sept. 1964, p. 166 
(Plenum Press, Inc., New York, N.Y. 1965). 

Width of the microwave lines of oxygen and their relationship 
to the thermal noise emission spectrum of the atmosphere, 
R. L. Abbott, Proc. 3d Symp. Remote Sensing of the Environ- 
ment, Infrared Phys. Lab., Inst. Sci. Tech. Univ., Michigan, 
Ann Arbor, Mich., Feb. 1965, pp. 257-269 (Mar. 1965). 

Widths of transmission Kikuchi lines in silicon and diamond, 
H. A. Fowler and L. Marton, J. Appl. Phys. 36, No. 6, 1986— 
1995 (June 1965). 

W-spin analysis of weak decays in U (12) D. Horn, M. Kugler, 
H. J. Lipkin, S. Meshkov, J. C. Carter, and J. J. Coyne, Phys. 
Rev. Letters 14, No. 17, 717-719 (Apr. 1965). 

W-spin and B-spin subgroups of SU (12), H. J. Lipkin and S. 
Peay Phys. Rev. Letters 16, No. 14, 670-672 (Apr. 19, 
1965). 
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Radio Science: 


Dependence of the critical frequency of the ionospheric E-layer 
on solar zenith angle and the annual variation in E-layer 
ionization, T. Shimazaki, Nature 205, No. 4974, 889-891 
(Feb. 27, 1965). 

Justification for neglecting the compressibility of the ionosphere 
in VLF radio propagation, J Wait, IEEE Trans. Ant. 
Prop. AP—13, 480-481 (May 1965). 

National Bureau of Standards Central Radio Propagation Labo- 
ratory, Boulder, C. G. Little, Astron. J. 69, No. 9, 698-700 
(Nov. 1964). 

Natural electromagnetic phenomena below 30 kc/s, R. M. Gal- 
let, NATO Advanced Study Institute, Bad Hamberg, pp. 167- 
204 (Plenum Press Inc., New York, N.Y., 1964). 

Propagation and technical factors in radio spectrum utilization, 
J. W. Herbstreit, Radio Spectrum Utilization, Ed. J. W. 
Herbstreit, A report of the Joint Tech. Adv. Comm. of Inst. 
Elec. Electron. Eng. Inc., and the Electron Ind. Assoc., Ch. 
III, pp. 30-208 (1964). 

Representation of diurnal and geographic variations of iono- 
spheric data by numerical methods. II. Control of stability, 
W. B. Jones and R. M. Gallet, Telecommun. J. pp. 1-12 
(Place des Nations, Geneva, Switzerland, Jan. 1965) 

The ionosphere; new guide, how to listen to the world, A. H. 
Shapley, World Publ. 11, 15-18 (Hellerup, Denmark, Mar. 
1965). 


*Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C., 20402 (foreign postage, 
one-fourth additional). Reprints from outside journals an 
the NBS Journal of Research may often be obtained directly 
from the authors. 
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